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B-jet Physics: Energy Loss 2

LARGE STATS

LOW PT 
COVERAGE

QGP

β
b

θ

interference

β
interference

b

θ

slower bottom quarks

faster bottom quarks

QGP



B-jet Identification Methodology 3

sPHENIX should have access to 3 
different techniques for heavy-flavor 
identification:

(1) Semi-leptonic decay
(2) Multiple Large DCA tracks
(3) Secondary Vertex Mass

Big push from DVP
for sPHENIX proposal Unexplored thus far!
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Track-Counting Technique 4

sPHENIX should have access to 3 
different techniques for heavy-flavor 
identification:

(1) Semi-leptonic decay
(2) Multiple Large DCA tracks
(3) Secondary Vertex Mass

Track Counting requirements:

Large single particle reconstruction 
efficiency, ∼ϵN

Narrow primary hadron DCA distribution (<70um)
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CMS b-jet Performance 5

from the April Review…



b-jet Identification Trade-Off 6
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Partial Factorization: Tracking Goals 7

Inner Tracking 
(0 < r < 10-30 cm) Outer Tracking 

(10-30 < r < 80 cm) 

Outer tracking: 
(1) momentum resolution optimization

(2) pattern recognition ambiguity breaking

Inner tracking: 
(1) precision track position            

(DCA, 2nd vertexing)

(2) high resolution collision vertexing

(3) pattern recognition ambiguity 

breaking



Inner Silicon Concept: 
Thin, fine pitch (<30 um), large efficiency (99.9…%) 
Optimizations for material thickness, ~0.3%/layer

Integration time: ~2-4 us


Goal: 

Precision tracking & vertexing for b-jet identification

and other tracking duties

Inner Tracking with MAPS sensors 8

Opportunity: 

Reuse thin inner tracking layers during the EIC era



Tracking Option: VTX Pixels 9

Pixel Layer 1, 92.5% Active

Pixel Layer 2, 72.5% Active



Aside: Other Potential Pixel Reuse Pitfalls 10

Material thickness (1.3% per layer): 
More clear now that with the strip outer layers the material in the inner layers isn’t a driver

on the Upsilon separation, we should repeat that with the TPC option

Long term evolution will still replace the pixels

One-dimensional optimization in pitch (50um x 425um): 
VTX pixels were designed around a DCA-based analysis

Two track intersection probabilities needed for 2nd vertex reconstruction need to be understood

Can the VTX pixels perform the 2nd vertex reconstruction at all?

DAQ Rate: 
VTX pixel test saw 14 kHz at 60% live time, somewhat under our 15 kHz ~90% live time readout spec

New hardware could design in the full readout bandwidth

Not sure where the next bottleneck would be, more than a small gain?

Limited TPC integration flexibility: 
A finite surface area of VTX pixels is available, we can cover 2.5 cm and 3.6 cm, no spares 
TPC based tracking starts no closer than 30 cm

3.6 cm to 30 cm is a long jump to make

We may need a tracking layer between 4.4 and 30 cm to break ambiguities in the tracking



ALICE ITS Upgrade 11

7"

New"ITS"Layout"

12.5"G8pixel"camera""
(~10"m2)"

78layer"barrel"geometry"based"on"CMOS"Sensors"""

r"coverage:"23"–"400"mm"

η coverage:"|η|"≤"1.22""
for"tracks"from"90%"most"luminous"region"

3"Inner"Barrel"layers"(IB)"

4"Outer"Barrel"layers"(OB)"

Material"/layer":"0.3%"X0"(IB),""1%"X0"(OB)""

RadiaEon"Load"(incl."safety"factor"10)"
8  TID:""~"2.7"Mrad"
8  NIEL:"~1.7x1013"1MeV"neq"/"cm2"

A"Large"Ion"Collider"Experiment"

many slides borrowed with credit to L. Musa



ITS Motivation 12
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A"Large"Ion"Collider"Experiment"



ALPIDE pixel technology 13

9"

Tower"Jazz"0.18"µm"CMOS"
•  feature"size"" "180"nm"
•  metal"layers "6""
•  gate"oxide" "3nm"

"

ITS"Pixel"Chip"–"technology"choice"
CMOS"Pixel"Sensor"using"TowerJazz"0.18µm"CMOS"Imaging"Process""""

▶  High8resisEvity"(>"1kΩ"cm)"p8type"epitaxial"layer"(18µm"to"30µm)"on"p8type"substrate"

▶  Small"n8well"diode"(2"µm"diameter),"~100"Emes"smaller"than"pixel"=>"low"capacitance"

▶  ApplicaEon"of"(moderate)"reverse"bias"voltage"to"substrate"(contact"from"the"top)"can"be"
used"to"increase"depleEon"zone"around"NWELL"collecEon"diode""""

▶  Deep"PWELL"shields"NWELL"of"PMOS"transistors"to"allow"for"full"CMOS"circuitry"within"
acEve"area""

""
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DIODE
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TRANSISTOR
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TRANSISTOR

Epitaxial Layer P-

Substrate  P++

substrate:"""""""""""NA"~"1018"
epitaxial"layer:"""NA"~"1013"

deep"p8well:"""""""NA"~"1016"

A"Large"Ion"Collider"Experiment"



ALPIDE Operation 14

12"

~182"us"Peaking"Eme""
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160 aF

Amp Comp Memory
OUT_A OUT_D STATE

STROBE

Pixel analog 
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ALPIDE"Principle"of"OperaEon"

Front8end"acts"as"delay"line"
•  Sensor"and"front8end"conEnuously"acEve"
•  Upon"parEcle"hit"front8end"forms"a"pulse"with"~182µs"peaking"Eme"
•  Threshold"is"applied"to"form"binary"pulse"
•  Hit"is"latched"into"a"(38bit)"memory"if"strobe"is"applied"during"binary"pulse""

ultra"low8power"front8end"circuit""
40nW"/"pixel"

A"Large"Ion"Collider"Experiment"
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ALPIDE Readout 15
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A"Large"Ion"Collider"Experiment"

Architecture"

▶  In8pixel"amplificaEon"

▶  In8pixel"discriminaEon"

▶  In8pixel"(mulE8)"hit"buffer"

▶  In8matrix"sparsificaEon"

Key"Features"

!  28"µm"x"28"mm"pixel"pitch"
!  ConEnuously"acEve,"ultra8low"power"front8end"(40nW/pixel)"

!  No"clock"propagaEon"to"the"matrix"""ultra8low"power"matrix"readout"(2mW"whole"chip)"

!  Global"shuwer"(<10µs):"triggered"acquisiEon"or"conEnuous"



CERN Test Beam 16

18"

Experimental"Results"
A"Large"Ion"Collider"Experiment"

Test"Beam"Set8up"

▶  6"GeV/c""π8"beam"at"CERN"PS"

▶  6"reference"planes"based"on"pALPIDE81"

▶  Single"pALPIDE82"as"Device"Under"Test"

(DUT)"in"the"center"

▶  Track"resoluEon"of"about"2.8µm"(<<"28µm)"

Analysis"Method"

▶  Extrapolate"track"from"referecne"planes"

trough"DUT"

▶  Search"for"clusters"next"to"extrapolated"

impinging"point""detecEon"efficiency"

▶  Obtain"cluster(size(

▶  Compare"extrapolated"and"actual"posiEon"

""posiTon(resoluTon(



ALICE Test Beam Data 17

 (DAC)THRI
20 30 40 50 60 70 80 90 100

Fa
ke

-H
it 

R
at

e/
Ev

en
t/P

ix
el

26−10

24−10

22−10

20−10

18−10

16−10

14−10

12−10

10−10

8−10

6−10

4−10 measurement sensitivity limit: 6.36e-11/event/pixel
0.015% pixels masked

=-6.0V
BB

=-3.0V, squares: VBBcircles: V

 Fake-Hit RateTheoretical/Measured
        mµ25
        2/cmeq 1MeV n13m, 10µ25
        mµ30
        2/cmeq 1MeV n1310×m, 1.7µ30
        mµ25
        2/cmeq 1MeV n13m, 10µ25
        mµ30
        2/cmeq 1MeV n1310×m, 1.7µ30

 (pA)THRThreshold Current I
100 200 300 400 500 600 700 800 900 1000

D
et

ec
tio

n 
Ef

fic
ie

nc
y

0.95

0.955

0.96

0.965

0.97

0.975

0.98

0.985

0.99

0.995

1

sensitivity limit
0.015% pixels masked

Fake-Hit Rate Efficiency
               Non-irradiated
       2/cmeq 1MeV n1310×        1.7 Fa

ke
-H

it 
R

at
e/

Pi
xe

l/E
ve

nt

11−10

10−10

9−10

8−10

7−10

6−10

5−10

4−10

3−10

2−10

1−10

20"

•  Results"refer"to"chips"with"30µm"high8res"epi"layer,"thinned"to"50"µm:""""""""""""""""""""""""""""""""""""
1"non"irradiated"and"1"irradiated"with"1013"1MeV"neq"/"cm2""""

Even"larger"operaEon"margin"for"30µm"epi"layer"and"4µm"spacing"

Efficiency"and"fake"hit"rate" epi=30µm, VBB=-6V, spacing=4µm 

Nominal threshold setting ITHR = 500 pA 

Experimental"Results"–"pAlpide82"
A"Large"Ion"Collider"Experiment"



ALICE Test Beam Data #2 18
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•  Results"refer"to"chips"with"30µm"high8res"epi"layer,"thinned"to"50"µm"

""""""1"non"irradiated"and"1"irradiated"with"1.7x1013"1MeV"neq"/"cm
2""""

"σdet"""≈"5"µm""is"achieved"before"and"aeer"irradiaEon"

epi=30µm,  VBB=-6V,   spacing=4µm 

Experimental"Results"–"pAlpide82"
A"Large"Ion"Collider"Experiment"



Inner Barrel Staves 19

55"

Inner"Barrel"–"Geometry"and"material"budget"

Coolant:"H2O,""leak8less"
Sensor"temperature"<"30°C""
Temperature"non8uniformity"<"5°C"

1.5gram"weight""

Tout=16.6(°C"

Tin=15.8°(C(

Max(T(periph=18.5°(C(

Min(T(pixel(=16.5°(C(

290mm"length"

W"="100"mW"/"cm2""(>"x2"nominal)",""H2O"flow"rate"="3"Lh
81"""

A"Large"Ion"Collider"Experiment"



ALICE Inner Barrel Support & Services 20

Stave"

Half"Layer"

Detector"Half"Barrel"
3"Half"Layers"

End"wheel"

End"wheel"

Inner"Barrel"

30"

A"Large"Ion"Collider"Experiment"



Readout Scheme 21

33"
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PWR"cables"

5"m"PIXEL"chips" FLEX" power"

regulator"

readout""

unit" data"link"

trigger"link"

SchemaEc"representaEon"of"the"readout"path"
SAMTEC"twinax"“Firefly”"

(half8)stave"

Trigger"

Common""

Readout""

Unit"

(CRU)"

First"Level"

Processor"

(FLP)"PCIe"

Detector""

Control"

System"

…"

192"Readout"Units"

Cavern" CounEng"Room"–"Online"Offline"(O2)"

Common""

Readout"Unit"

Data"throughput"324"Gbit/s""

1008"electrical"links"

(GBT"links)"

"""""2.7"Mrad""

1.7x1013"1"MeV"neq"

"""""10"krad""

1010"1"MeV"neq"
""""no"radiaEon"

Readout"–"general"scheme"
A"Large"Ion"Collider"Experiment"

sPHENIX DAQsPHENIX FEMs



MAPS Cost & Schedule Workfest 22

https://indico.bnl.gov/conferenceDisplay.py?confId=1741



MAPS Cost & Schedule Workfest 23



Participants 24

Good turnout

20 people attend in-person

most listed here as registrants


Key Invited Experts:

Leo Greiner, LBL 
Flemming Videbaek, BNL 
Luciano Musa, CERN (phone)



Participants 25

Good turnout

20 people attend in-person

most listed here as registrants


Key Invited Experts:

Leo Greiner, LBL 
Flemming Videbaek, BNL 
Luciano Musa, CERN (phone)



Presentations 26

1st Day

2nd Day



Work Sessions 27



Work Sessions 28



Work Sessions 29



Work Sessions 30



Work Sessions 31



Aside: ALICE Wire Bonding 32

digital pathways will be wire bonded…



ALICE Construction Schedule 33

+ add ~6 months

Stave Assembly at CERN 
1/17 - 1/18 
Can we extend that production?
Already x2.2 Inner 3-layers



Draft Cost & Schedule Document 34



Draft Cost & Schedule Document 35

~$3-4M

~$2-3M



But Will Require Further Updates 36

Parallelize procurements (detector hardware, mechanics & servicing)

Add more time for R&D on readout

Contingency for custom readout boards (~$750k)

Finish loading document (will have to happen after DR proposal) 
Will be have to be done by Tracking Review

All Staves In Hand



LANL LDRD Proposal 37

We submitted our proposal last 
Thursday (May 12) . We will defend it 
on June 2nd. I expect decision by 
mid-July.

Funding Breakdown:
~1/3 M&S
~1/3 Experiment Staffing
~1/3 Theory Staffing

Funding Profile:
$5M spread over 3 years
starting in Oct 2016

Proposals judged on many factors, 
coverage from multiple divisions, 
strong Theory is necessary to success

M&S total: $1.5M

Total Experimental Support: $3M



Strong Letters of Support 38

“We give the proposal our strongest endorsement 
and encourage its timely adoption” 

~ our Spokespersons

“This LDRD project will be exceptionally valuable 
for LANL, nuclear science, and the nation.”  

~ Donald Geesaman



LDRD Strategy 39

prototyping under LDRD DR: final tracker support from DOE:

prototype pixel
sensor

this is a proven successful strategy for securing a leading role in Big Science
Stave"

Half"Layer"

Detector"Half"Barrel"
3"Half"Layers"

End"wheel"

End"wheel"

Inner"Barrel"

30"

A"Large"Ion"Collider"Experiment"

16"

Experimental"Results"
A"Large"Ion"Collider"Experiment"

ALPIDE"Chip" DAQ"Board"

Laboratory"Measurements""""e.g."noise"and"thresholds"""

Previously successful path followed by the LANL’s FVTX



LDRD Hardware Deliverables 40

Extend TowerJazz Production:
In-kind contribution
525 ALPIDE-3 sensors 
(inner 3 layers plus ~20% spares)

Test Beam Prototype:
4 full inner ALICE ITS Staves
ALICE readout + common readout boards
small scale power & cooling, jigs, etc

Readout Design:
   new FEM design for sPHENIX, 
   replace the ALICE readout board
   full-system test with test beam prototype

Half-Barrel Mechanical Design:
    adapt ALICE inner 3 layer mechanics to sPHENIX
    build 3-layer mounts for full-system test

Under LDRD funding: 
Final Detector ~10% populated with staves & readout
CERN-trained personnel
Reduce cost of MAPS detector

4 ct.

525 ct.
40"

Ni/Au"plated"pads"

Contact"pads"are"distributed"over"the"matrix"
(custom"designed)"

InterconnecEon"of"pixel"chip"to"flex"PCB"

Solder"Pads"

In"order"to"solder"the"chip"on"the"flexible"printed"circuit"(FPC),"the"chip"Al"pads"need"
to"be"covered"with"Ni8Au"(wet8able"surface)""
PlaEng"is"done"on"wafers"level"using"electroless"Ni8Au"plaEng,"prior"to"thinning"and"
dicing""

ALPIDE81"
(~15"x"30"mm2)"

A"Large"Ion"Collider"Experiment"

4 ct.
sPHENIX versions

sPHENIX versions

2 ct.



Ongoing Investigations 41
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High purity tracks,
No momentum reco

Standalone Tracking
Capabilities

ALPIDE3 Prototype Sensor
at Los Alamos

Joanna Szornel (works in Leo’s lab) 

visited us from LBL May 2-4


Guided us through the chip tests

Showed us how to run single-event upset tests

Helped workout the binary packet spec

Planned out how to build a run control library 
for RC-DAQ

High purity standalone tracking 

=> easy alignment procedure

=> detector characterization



Extended Software Efforts 42

(i) realistic stave/ladder geometries 

(ii) generic kalman tool 
(a) fits with realistic geos (handle MS in cooling lines)

(b) split track merger (handle shingling)

(c) primary track fits (aka use the vertex)


(iii) multiple vertexing with RAVE tool 
(a) secondary vertex b-jet identification

(b) multiple collisions vertexing



Summary 43
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Bottom 
Hadron

Most viable approaches to bottom identification: 
track counting and 2nd vertexing both require 
highly efficiency tracking. 


R&D from the LHC upgrades has improved greatly 
on pixel dimensions (important for 2nd vertexing) 
and efficiency.


sPHENIX should greatly benefit from these 
developments, to ignore them will imperil our 
physics output.

A new set of innermost tracking layers will ensure 
that heavy flavor jets remain the 3rd pillar of the 
sPHENIX program. 

Thank you!



BACKUP SLIDES



45

Quark-Gluon Plasma (QGP)

“perfect fluid”  
quantum fluids

Macroscopic Picture of the Quark Gluon Plasma
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Microscopic Picture of the Quark Gluon Plasma ??

Hard 2 → 2 QCD  
Interaction

Quark Gluon PlasmaHard 2 → 2 QCD  
Interaction

massive  
bottom quark

changes the mix of elastic and inelastic interactions



40"

Ni/Au"plated"pads"

Contact"pads"are"distributed"over"the"matrix"
(custom"designed)"

InterconnecEon"of"pixel"chip"to"flex"PCB"

Solder"Pads"

In"order"to"solder"the"chip"on"the"flexible"printed"circuit"(FPC),"the"chip"Al"pads"need"
to"be"covered"with"Ni8Au"(wet8able"surface)""
PlaEng"is"done"on"wafers"level"using"electroless"Ni8Au"plaEng,"prior"to"thinning"and"
dicing""

ALPIDE81"
(~15"x"30"mm2)"

A"Large"Ion"Collider"Experiment"



Space(frame(producTon(

43"

Stave((HIC+(Space(frame(assembly(
Dimensional(accuracy(

"+0.034"mm"
8"0.034"mm"

New(masterO(jig(

status(
New"master"jig"(ready)"will"improve""stave"accuracy(

ongoing(
New"master"jig"produced"and"shipped"from"the"Company,"
metrological"verificaEon"ongoing"(status(

Available":"n."20"spaceframe(

Ongoing(
pre8producEon"conEnues"to"prepare"for"final"series"producEon(

Layout"and"curing"process"opEmizaEon:""planarity"achieved""
±"0,028÷0,040"mm"

Inner"Barrel"Stave"



sPHENIX Proposal: nucl-ex/1501.06197 48

Physics: study of QGP 
structure over a range of 
length scales and 
temperatures with 
hard-scattered probes 
inc. bottom quark jets

Jets and Upsilons at RHIC in 2021 & 2022

“[sPHENIX] presented a 
compelling physics program.” 

~ sPHENIX DOE Science 
Review Committee

sPHENIX highlighted in Hot 
QCD Long Range Plan

Inaugural Collaboration Meeting
Rutgers Dec 10-12th, ~60 institutions

Outer 
HCAL

Inner
HCAL

EMCAL

Tracking

BaBar
Solenoid

NYC RHIC


